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ANALYSIS OF V-G RECORDS FROM THE 

SNB-1 AIRPLANE 

By Walter 0. Walker and May T. Meadows 

SIMMARY 

Acceleration and airspeed data in the form of V-C records 
obtained on an SNB-1 trainer airplane were analyzed to determine 
the loads and speeds experienced during certain training opera» 
tions. By utilizing a method of analysis previously developed, 
results were determined in U-.e form of "flicM envelopes" which 
predict the occurrences of large values of alropeed and 
acceleration. 

As a matter of Incidental Interest, the repults were com- 
pared with results previously reported for another scout-trainer 
airplane - the SNJ-k. The comparison shows large differences in 
the frequency of occurrence of large values of acceleration and 
airspeed. This result is probably attributable to the fact that 
the two airplanes are actually of quite different types, not- 
withstanding their design to the same load and speed requirements. 

INTRODUCTION 

Several sets of acceleration and airspeed data In the form 
of V-G records were obtained on Navy airplanes and transmitted 
to the NACA for analysis of applied load factors and speeds. 
Two sets at such data, together with supplementary Information 
were supplied for two trainer class airplanes, the SNB-1 and 
the 5NJ-4, in large enough quantities to be analyzed by a 
statistical method. The SNJ-fe data obtained during training 
operations wore analyzed by the method of reference 1, and the 
results of the analysis were presented in reference 2. The 
V-G records taken on the SNB-1 airplane type during training 
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operations have been similarly analyzed and. the results are pre- 
sented herein. 

Both the SKB-1 and GNJ-U airplanes are classed as scout 
trainers, and they were designed to meet the sane load-factor 
requirements. The SKB-1 airplane, however, Is a twin-engine 
six-place cabin airplane, whereas the SNJ-4 is a two-piece air- 
plane of substantially smaller size and greater maneuverability. 

Because of these considerable dissimilarities in airplane 
characteristics and in the implied manner of operation, it might 
be expected that substantially different applied loads and speeds 
would be imposed in the two cases, notwithstanding the similarity 
in type designation and design requirements. The results of the 
analysis of the SNB-1 data were, therefore, compared with the 
results previously obtained for the SBJ-4 in ordor to disclose 
any differences in the applied loads and speeds. The comparison 
shows that the SNB-1 airplane was subjected to substantially less 
severe loads and speeds than the SNJ-4. 

The SKB-1 data were supplied by the Navy under authority 
of the Bureau of Aeronautics letter, file Aer-E-24ll-JK, serial 
no. 6U187, dated 18 April 1945, and the SNJ-4 data were supplied 
under authority of the Bureau of Aeronautics letter, file 
Aer-E-24ll-JK, dated 16 January 194?. 

SCOPE OF DATA 

Thirty-three V-C records having a total flight time of 
56l hours were available for the SK3-1 analysis. Fairly com- 
plete supplementary information giving the type of mission 
flown, operating weights, number of pilots per record, opera- 
ting altitude, etc., was also available. Since the method of 
analysis used (reference l) required a reasonably uniform flißht 
time per record, the 32 rooords in the range 15 to 24 hours with 
total flight time of 526 hours were used for the analysis. 

Only 40 of tne 78 available records for the SNJ-4 were 
analyzed in reference 2 to meet the requirement of reasonably 
uniform flight time per record. 

The characteristics of the SNB-1 and SNJ-4 types, together 
with the sources from which these data were obtained, are given 
In tables I and II. 
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Table III elves a breakdown of the data to show the percent 
of total flight time spent on comparable missions for the 
SHB-1 and the BSJ-k. 

METHOD AND RESULTS 

The method, used to evaluate the data of this report is 
described in references 1 and 2. The frequency distributions 
shown in table IV for the SNB-1 airplanes were used to prepare 
the probability curves of the maximum indicated airspeed Y^y, 

the •'»,,|wii'i positive or negative acceleration increment An^m, 

and the indicated airspeed V0, at which the maximum positive 
or negative acceleration increment is_ experienced. The average 
values of the distribution!] V^ax, An^ax» and Tn    are given 
at the bottom of table IV together with the standard deviations 
of the distributions aY)    c^n, and c0, renpectively, and the 

coefficients of akewnoas of the distributions Oy, 0^, and a^, 
respectively, as computed by the method of reference 1. The 
term "probability," in the sense used herein, may be interpreted 
as the ratio cf the number of records in which a given event 
occurs to the total number of records used. 

Figures 1, 2, and 3 show the probabilities Pv, P^, 
and  EP0 and V„ r0f of exceeding given values of Y^n.y. ^^aex'    <*.«*. .0, 
respectively, for the SNB-1 airplane. In figure 1, for example, 
the probability of exceeding a maximum indicated airspeed cf 
250 miles per hour is 0.025 or, In terms of records, this value 
of airspeed will be exceeded, on the average, on one record in 
to records. Figures 2 and 3 may be interpreted in a similar 
manner. Also shown in these figures are the cumulativo frequency 
distribution points obtained from the relative frequencies of 
table IV to illustrate the agreement of the. basic data with the 
probability curves. Tho necessary extrapolations of the curves 
of figure 3 were made by the "straight-line" method developed in 
reference 2. The extrapolation of the VQ curve for positive 
accelerations starts at 21? miles per hour, the maximum level- 
flight speod of the airplane, and the extrapolation of the 
negative VQ curve starts at 180 miles per hour, the normal 
cruising speed. 

The values of P„ r£n» and  SP,. .,, of figures 1, 2, and 3 

were used to derive flight envelopes. Those envcilopee are such 
that, on the average, in a stated number of flight hours, the 
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envelope will be exoeeded by one positive and one negative accelera- 
tion increment, and by one inaxlmuii airspeed. Figure U shows the 
flight envelopes derived for the SWE-1 airplanes for 250, 500, 
and 3,000 hours of operation and the opposite V-G record for 
561 flight hours. 

Figure 5 shows tho results for tho SV.J-h airplane obtained 
in the some manner as for the SNB-1 from the data of reference 2. 
It is to be noted in figure 5 that the flight envelopes predict 
accelerations considerably greater than those corresponding to 
Cty^jj and Cw. . This result was cbtained since derivation 

of tho flight envelopes is essentially an extrapolation process 
that breaks down at regions of discontinuity in physical phen 
Considering this fact, nc reliance should be placed in the 
envelope where.it exceeds the '"Umax and "min 

The design V-n diagraiiB presented in fijjures h and 5 for 
comparison with the flight envelopes of the SNB-1 and SNJ-U air- 
planes were developed in accordance with the specifications of 
reference 3. Since no data were given on the maximum normal- 
force coefficients and because values were needed to complete the 
design diagrams, tho values of CHaax " a,ü ^^ CKm<- = "1#0 ware 

arbitrarily chosen. 
»min 

In order to have a direct comparison of the average time 
to exceed given values cf accelerations and speeds, figures 6 
and 7 wore prepared. The curves shown in these figures were 
plotted from figures 1 and 2 for the SHE-1 and from the corre- 
sponding figures of reference 2 for the 3MJ-4-, by introducing 
the flight time factor as explained in reference 1. 

DISCUSSION 

The flight envelopes developed are in reasonable agreement 
with the composite flight envelopes of the available V-G records. 
Figure h,  for example, shows that the 500-hour envelope compares 
well with the 561-hour composite. Two positive and two negative 
accelerations of the SIffl-1 composite excacd tha flight envelope 
while only one negative acceleration of the SNJ-4. composite 
(fig. 5) exceeds the flight envelope, instead of one positive 
and one negative occurrence which was predicted (reference 1). 
This is considered good agreement in view of the limited amounts 
of data available for analysis. Close agreement of the basic 
data with the probability predictions can be expected whun large 
masses of data are analyzed. 
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Comparison of the flight envelopes of the SNB-1 and the 
SSJ-k  types shown In figures 4 and 5, respectively, Indicates 
large difference in the predicted flight envelopes of the two 
types. It is seen In fieuro k that the 500- and 3000-hour flight 
envelopes of the SKB-1 du not exceed the design-limit load factors 
at any point of the diagram and the 3000-hour envelope exceeds the 
restricted speed by only a small margin. On the other hand, 
figure 5 shows that the SNJ-4 flight envelopes for 500 and 
3000 hours exceed the deeign-limit load factors over a considerable 
range of speed and the restricted speed Is exceeded by a large 
amount. Average conditions for the sets of data usod, as shown 
In figures 6 and 7, indicate that tho SIJJ-4 airplane loads can 
be expected to reach the doslgn-posltlve-limit load factor about 
once In 200 flight hours and the design negative limit about 
once in 2000 flight hours, while the restricted spoed will be 
exceeded approximate!:'- onoe In every 6   flight hours. Inspec- 
tion also shews that the SWB-1 type would not be expected to exceed 
the deolen-limlt-lood factors In either tho positive or negative 
direction In less than (LO)' flight hours and the restricted speed 
only about onco In 1000 flight .hours. 

Inspection of  supplementary data forwarded with the V-G 
records indicated that direct comparison on the basis of particular 
mission was not possible although both airplane types were flown 
on comparable missions part of the time. Therefore, an analysis 
of the data far both types was made on the bacis of classifying 
the missions In four general categories as shown in table III. 
Sufficient data on both types for comparison existed only In the 
ground-attack category. Detailed Inspection showed the SNB-1 was 
used only for strafing while the SNJ-4 was utilized for diving 
and bombing under the ground-attack category. It Is seen In 
this table thatIhe percent of time spent In maneuvers that would 
be expected to produce high values of acceleration and airspeed 
is auch greater for the SSJ-U than the SNB-1 type. When the 
SSJ-k records covering only ono mission per record ware examined 
for the effect of mission on the load faotors and airspeeds 
experienced, it was found that the acrobatio category did ehov 
higher average values of loads and speeds than tho attack and 
straight-flying categories. 

Other possible reasons may be advanced to explain tho more 
conservative operations of tho SNB-1 than the SNJ-4 airplanes, 
although no proof exists to support such contentions In connec- 
tion with the data used herein. The amount of experience of the 
group of pilots that flair each type may not have been the same 
and one group might have exercised more caution in flight than 
the other group. Also, it would be cxpuct^d that the twin-onglne 
SNB-1 would be handled by the pilot with more care than the 
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single-engine SNJ-4 type In vlcv of the fact that In moat flights 
the SNB-l carried a six-man crew, while nearly all the flights of 
the SlU-k were solo. In addition, alnce It Is a larger and 
heavier type, the SNB-l la less maneuvcrable than the SUJ-k. 

CONCLUSIONS 

The available data obtained on SNB-l trainer-class airplanes 
were analyzed and the results ore presented ae "flight envelopes" 
which predict the occurrences cf larce values of airspeed and 
acceleration. Comparison is siad^ with SHJ-4 trainer-class 
airplane data analyzed by the saue, metr'.od. While the two types 
are dosigned to the same strength factors, they differ considerably 
In configurations and the data arc not strictly ccaparable because 
utilization of each typo In trainer operations van  different. 
However, tiie following conclusion; can be drawn: 

1. The flight envelopes developed by tue method of analysis 
used represent tho data in a satisfactory manner. 

2. Comparison of the results of each typo shown largo dif- 
ferences In wie flight leads and jpeeds experienced. 

3. On the basis of the method used and considering the 
limited amounts of data available for analysis, the SNB-1 will 
seldom, if ever, exceed the design-limit load factor and the 
restricted speed vill be exceeded very seldom during the airplane 
lifetime, while tiie SVJ-k airplane can be expected to exceed the 
design-limit load factor and restricted speed In a very small 
number of flight hours. 

Langley Memorial Aeronautical Laboratory 
National Advisory Committee for Aeronautics 

Langley Field, 7a. 
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TABUS  I 

CHARACTHUBTICS OF HAW SNB-1 (ARMY AT-ll) AIRPLANE 

Maximum design gross weight (recommended), lb   9300 
Gross weight at take-off (as flown, V-G records), lb .... 8200 
Wing area, sq f t  3^9 
W/3, lb/so. ft  23.5 
Wing span, ft  1*7.7 
Mean aerodynamic chord, In  $6.6 
Aspect ratio   6.5 
Normal cruising speed, mph  1Ö0 
Maximum speed in level flight (7850 lb at 500C ft) mph ... 215 
Maximum restricted speed (IAS), uph    253 
Center-of-gravity range, percent M.A.C X6 to 30 
Design applied load factorc, g units   6 to -3 
Service celling (7850 lb), ft   22,liO0 
Number of engines 2 

Note: The above table was prepared from: 

AAF Tech. 
AAF Tech. 

Order. 
Order. 

AN-01-90KA-2 
AN-OI-9OK-5 

NATIONAL ADVISORY 
COMMITTEE FOB AERONAUTICS 

4 
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I 
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TABUS I 

CHARACTERISTICS OF NAVY SIffi-1 (ARMY AT-11) AIRPLANE 

Maximum design gross weight (recommended), lb   9300 
Gross weight at take-off (as flown, V-G records), lb ....  8200 
Wing area, sq f t    3^9 
W/S, lb/aq ft   £3.5 
Wing span, ft   47.7 
Mean aerodynamic chord, In  $6.6 
Aspect ratio     6.5 
Normal cruising speed, mph    160 
Maximum speed in level flight (7850 lb at 500C ft) mph . . .   215 
Maximum restricted speed (IAS), wpli      253 
Centsr-of-gravity range, percent M.A.C 16 to 30 
Design applied load factors, g units   6  to -3 
Service ceiling (7850 lb), ft   22,1(00 
Number of engines   2 

Note: The above table was prepared from: 

AAF Tech. Order. AN-01-90KÄ-2 
AAF Tech. Order. AN-OI-9OK-5 

NATIONAL ADVISORY 
COMMITTEE FOB AERONAUTICS 

L 
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TABLE IX 

CHARACTERISTICS OF KAVY SNJ.fc (ARMY AT- 6"D) AIRPLANE 

Maximum design gross weight (recommended), lb   5200 
Gross weight at take-off (as flown, V-G records), lb ....  50^3 
Wing area, eq f t 253.7 
U/S,  lb/sq «   19.9 
Winß spun, ft 42.1 
Mean aerodynamic chord, in. ...    76.0 
Aspect ratio 7.0 
Normal cruising speed, mph   170 
Maximum speed in level flight, mph   205 
Maximum restricted speed (IAS), mph   2^0 
Centor-of-gravity range, percent fo'.A.C 22.5 to 25.6 
Design applied load factors, ß units   6 to -3 
Service ceiling, ft 21,500 
Number of engines    1 

Note: Tl'e above table was prepared frou.: 

Navy Tech. Order. 
Navy Tech. Order, 

revised 15 Fob. 

AN01-ÖOF-2 
AN01-60FE-1 

NATIONAL ADVISORY 
COMMITTEE FOB AERONAUTICS 
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TABLE III 

OPERATING CONDITIONS UTCDSN WHICH V-0 RECORDS WERK TAKER 

ON THE GNB-1 AND SNJ-4 AIRPLANSS 

Type of mission Percent of time per mission 

SN3-1      SBJ-4 

Combat acrobatics 
0           48.ß 

Air attack 
3£.5          1.6 

Ground attack te.4 35.2 
Straight flying 

."5.1 14.4 
Total 100.0 100.0 

 1 

Ncto: The values given above are baoed 
on 33 SNB-1 records for 5^1 i'light 
hours and on 73 SNJ-4 rec.-rdj for 
275 flight hours. 

NATIONAL ADVISORY 
COMMITTEE FOR AERONAUTICS 
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MATWNAl AOVISODV 
mmmura 

Acceleration increment g units 
Figure 6-Comparison of average hme required to 

exceed given w/ues of acce/eraf/on. 
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220        240        260       26, 
Max tnct/cated airspeed, \4nax/77p6 

Figure 7- C0/npat~/son or"average time reaufred to exceed 
g/yen i/afoes ofmax/mu/n /nd/eated o/rspeed 
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